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THE  EFFECT  OF  VAFTOTj^ON  DEHYDRATION  AND  LONG  TERM 
STORAGE  OF  CARROTS  ( DAUCUS  CAROTA) 

by 

G.E.  Driver  and  S.  Venkata-Raman 


Carrots  are  dehydrated  in  large  quantities  throughout  the 
world  for  use  as  a vegetable  and  as  a component  in  dehydrated 
composite  meals  and  soup  mixes.  Dehydrated  carrots  store 

well  apart  from  some  oxidation  of  carotenes  resulting  in  loss  of 
vitamin  A activity  and  production  of  off  odours.  Non-enzymic  brown- 
ing results  in  off  flavours  and  odours  and  discolouration.  Oxidation 
is  a special  problem  in  freeze-dried  carrots  because  of  the  low 
moisture  content  and  high  porosity,  while  hot  air  dried  carrots  will 
be  more  susceptible  to  non-enzymic  browning. 

Carrots  cultivars  including  several  new  hybrids,  were  made 
available  from  a trial  conducted  at  the  Forthside  Vegetable  Research 
Farm  of  the  Tasmanian  Department  of  Agriculture,  and  their  suitability 
for  dehydration  determined. 


METHODS 

Carrots  were  grown  at  the  Forthside  Vegetable  Research  Farm  in 
a randomised  block  design  with  two  replicates  and  harvested  at  180 
days.  At  130  days,  samples  of  each  variety  were  removed  from 
between  plot  buffer  zones  for  initial  chemical  analysis,  and  on  the 
results  of  these  analyses  and  general  observations  of  shape,  size 
and  defects,  eight  varieties  were  chosen  for  dehydration  trials. 

Carotene  Estimation 

—————— 

Approximately  10  g of  grated  carrots  were  accurately  weighed 
and  extracted  for  15  min  with  50  ml  of  refluxing  ethanol.  The  solids 
were  filtered  from  the  extract  using  a sintered  glass  funnel  and 
washed  with  small  portions  of  ethanol.  Solids  were  re-extracted 
with  25  mi  portions  of  the  solvent  till  almost  colourless. 

The  combined  alcoholic  extracts  were  added  to  petroleum  spirit 
(50  ml  b.p.  40-60®C)  and  water  (150  ml)  added,  the  aqueous  layer 
being  separated  and  extracted  with  20  ml  portions  of  petroleum  spirit 
till  extracts  were  colourless.  The  combined  extracts  were  then 

washed  with  five  50  ml  portions  of  water,  filtered  through  anhydrous 
sodium  sulphate  and  made  up  to  200  ml  with  petroleum  spirit.  The 
absorbance  was  measured  at  445  nm  against  a solvent  blank,  using  10  mm 
cells  on  a Pye  Unicam  SP  500.  Calibration  was  with  /--carotene 
(Koch-Light  "puriss")  dissolved  in  petroleum  spirit. 

Sugar  Content 

Sugars  were  extracted  from  grated  carrots  by  boiling  for  1 hr, 
with  80  ml  of  SOfo  alcohol  (neutralized  with  CaCO^)  and  the  extract 

L i J 


made  to  100  ml.  Fifty  millilitres  of  this  solution  was  evaporated 
almost  to  dryness,  taken  up  in  water  and  clarified  using  lead  acetate 
(AOAC,  1965  a)  and  made  to  200  ml.  Reducing  sugars  in  the 

clarified  extract  were  determined  by  the  Shaff er-Somogyi  Method 
(AOAC,  1965  b). 

A 50  ml  aliquot  of  the  clarified  extract  was  hydrolysed  over- 
night at  57  C by  the  addition  of  5 ml  of  hydrochloric  acid.  The 

hydrolysate  was  neutralised  by  the  addition  of  solid  sodium  carbonate 
and  the  solution  made  to  100  ml.  Total  reducing  sugars  after 

inversion  ("total  sugars")  were  determined  by  the  Shaff er-Somogyi 
Method  (AOAC,  1965  b). 

Dehydration 

Carrots  were  peeled  by  hand  and  diced  to  8 mm  cube  using  a 
Halde  slicer-dicer,  and  blanched  in  atmospheric  steam  for  5 minutes2 
(timed  from  the  exhaust  reaching  90°C)  at  a tray  loading  of  18  kg/m  , 
The  carrots  were  sprayed  with  a solution  of  sodium  metabisulphite  to 
give  500-1000  ppm  sulphur  dioxide  in  the  dehydrated  product. 

Dehydration  was  carried  out  to  80nC  for  5 hr  followed  by  over- 
night drying  at  60  C in  a^laboratory  cross-flow  dehydrator,  at  a 
loading  density  of  8 kg/m  . Samples  were  vacuum  packed  in  poly- 

ester/polyethylene/foil/polyethylene laminated  pouches  at  7 kPa  and 
stored  at  57°C,  15^0  and  1°C.. 

Organoleptic  Evaluation 

Carrots  were  taste  tested  fresh  after  cooking  in  simmering 
water  for  15  min,  and  after  rehydration  by  simmering  in  excess 
water  for  50  min.  A panel  rated  the  carrots  for  appearance, 
texture,  flavour  (aroma  and  taste)  and  overall  acceptance,  on  a nine 
point  hedonic  scale,  "nine"  being  "like  extremely"  and  "one" 
representing  "dislike  extremely".  — - 

Estimation  of  Browning 

Browning  was  estimated  according  to  the  method  of  Baloch  et.  al 

(1975). 


RESULTS AND  DISCUSSION 

Results  of  analysis  of  fresh  carrots  are  shown  in  Table  1. 

Total  solids  were  in  the  range  of  1 0— 1 59^  with  Hybrid  NC  x 6006  being  by 
far  the  highest  at  12.8/,  3olids.  A high  total  solids  content  is 
desirable  because  of  economies  in  operation.  These  values  are  low, 
other  reports  indicating  solids  contents  of  up  to  18/  (Fairbrother, 
1968).  Solids  content  ''ill  depend  on  seasonal  and  cultural 
conditions  and  on  maturity  at  harvest. 

’Redback1  had  a low  solids  content  of  9*95/  making  it  unsuitable 
for  dehydration. 
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Carotene  contents  are  shown  as  p.g/ g on  a fresh  weight  s01  well 
as  on  total  solids  basis.  There  is  little  difference  in  the  two 
methods  of  expressing  results  with  the  major  change  in  ranking 
being  for  'Redbank1,  which  on  a fresh-weight  basis  is  ranked  tenth, 
but  on  a dry  weight  basis  is  ranked  sixth.  Hybrid  NC  x 6006  has 
a ranking  of  twelve  (lowest  content)  under  both  methods  of  express- 
ing results  but  because  of  its  higher  solids  content  than  other 
varieties,  the  carotene  content  expressed  on  a dry  weight  basis  is 
proportionately  less. 

Carrots  contain  negligible  amounts  of  protein  and  have  a 
calorific  value  of  about  150  kJ/lOOg.  Their  main  attribute  apart 

from  adding  variety  and  colour  to  meals  is  their  high  vitamin  A 
activity  which  they  share  with  liver  and  yellow  or  green  vegetables 
(e.g.  pumpkin,  silver  beet  and  broccoli).  /-.-carotene  content  is 
therefore  important,  but  all  varieties  contained  sufficient  quantities 
although  it  must  be  recognised  that  the  figures  in  Table  1 include 
other  carotenes  which  are  extracted  and  estimated  along  with 
/o -carotene  but  which  have  lower  vitamin  A activity.  Baloch  (1976) 
found  that  approximately  68$  of  the  total  carotenes  of  raw  carrot 
was  / -carotene. 

Of  importance  and  related  to  '-carotene  content  is  carrot  colour, 
particularly  that  of  the  core,  a uniform  orange  colour  being  desired. 
All  varieties  had  suitable  colour  throughout. 

Reducing  sugar  content  varied  from  1.18  to  2.68 $ on  a fresh 
weight  basis.  This  was  considered  important  as  it  is  reducing 
sugars  that  are  mainly  responsible  for  non-enzymic  browning  in 
stored  dehydrated  foodstuffs  resulting  in  discolouration  and  off 
odours.  To  obtain  some  idea  as  to  the  effect  of  reducing  sugar 
content,  varieties  chosen  for  dehydration  included  those  with  high  and 
low  reducing  sugar  contents. 

Total  reducing  sugars  after  inversion  varied  from  5 •I  3 to  7*11$ 
on  a fresh  weight  basis.  It  was  thought  that  high  total  sugar 

content  may  lead  to  high  ratings  for  flavour,  but  there  were  no 
significant  differences  between  flavour  scores  of  the  fresh  and 
cooked  carrot  (Table  2). 

Dehydrated  Carrot 

Results  of  organoleptic  testing  of  dehydrated  carrots  are  shown 
in  Table  2.  Samples  stored  at  1°C  or  15  C were  quite  acceptable 
after  two  years  storage  if  vacuum  packed.  Carrots  contained  in 
pouches  that  had  lost  vacuum  were  still  rated  acceptable  by  the 
taste  panel. 

The  large  apparent  change  in  average  scores  between  18  and 
24  months  storage  is  probably  due  to  changes  in  taste  panel 
composition  rather  than  sudden  deterioration  of  samples. 

From  the  taste  testing  it  is  apparent  that  there  arg  differences 
between  replicate  plots  after  storage  for  two  years  at  37  C (e.g. 
plots  6 and  20)  and  no  satisfactory  explanation  for  this  is  apparent. 
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Rate  of  browning  is  very  dependent  on  moisture  content,  as 
shown  by  determination  of  browning  after  two  y.ears  storage  at 
37  C,  and  shown  in  Figure  1 and  Table  3-  A change  in  moisture 
from  1.5  to  2.2$  approximately  doubles  the  browning  over  this 
storage  period,  but  all  samples  stored  for  this  time  were  considered 
inedible  by  the  taste  panel  (rated  as  "dislike  slightly"  or  "rather 
poor"  for  flavour  and  overall  acceptability)  even  though  the  moisture 
levels  attained  were  well  below  those  usual  for  a commercial  product. 
Feinberg  et . al . (1964)  report  a moisture  content  of  3*5  to  4*5$ 
as  typical  for  dehydrated  carrot,  compared  with  1,5  to  2.3$  for  the 
present  samples. 

A3  storage  temperature  is  increased,  water  activity  increases 
(at  constant  moisture  content)  and  30  the  rate  of  browning  increases 
more  rapidly  with  rising  temperature  than  would  be  predicted  solely 
on  the  basis  of  energy  of  activation  of  the  browning  reaction. 

Reducing  sugar  content  is  known  to  be  important  in  non-onzymic 
browning  of  dried  potato  products  (Burton,  1945)*  That  reducing 
sugar  content  affects  the  browning  of  dried  carrot  is  clearly  shown 
in  Figure  2,  and  by  the  partial  correlation  coefficient  of  browning 
and  reducing  sugar  content  of  0.775  (at  constant  moisture). 

Total  reducing  sugar  content  and  browning  also  have  a positive 
correlation  (Table  3)  although  this  is  not  significantly  different 
from  zero.  This  may  be  due  to  hydrolysis  of  non-reducing 

sugars  to  reducing  sugars  during  storage,  as  Karel  and  Labuza  (1968) 
have  shown  that  sucrose  is  hydrolysed  by  organic  acids  in  model 
systems  and  at  extremely  low  moisture  levels  of  below  1$  and  below 
the  BET  monolayer  value  for  the  system. 

Multiple  correlations  of  browning  with  moisture  and  reducing 
and  total  sugar  contents  are  shown  in  Table  4*  All  correlations 
are  significantly  different  from  zero,  but  addition  of  the  second 
or  third  variable  does  not  cause  a significant  increase  in  the 
correlation. 


CONCLUSION 

It  was  found  that  the  deterioration  of  hot  air  dried  carrots 
increased  rapidly  with  increasing  reducing  sugar  and  moisture 
contents.  Moisture  content  is  affected  directly  ‘by  process- 

ing conditions,  but  reducing  sugar  content  will  be  determined  by 
carrot  variety,  growing  conditions  and  maturity. 

Varieties  with  low  reducing  sugar  contents  were  'hybrid  NC  x 6006 
(Niagara),  Lance  (Dessert),  D447A  x D308B  (Dessert)  and  Touche 
(Dessert).  All  these  varieties  had  good  solids  content  with 

Hybrid  NC  x 6006  having  the  highest  (12.77$)  recorded  during  this 
experiment,  but  only  D447A  x D30QB  had  the  conical  shape,  most 
suitable  for  mechanical  peeling,  the  others  being  more  cylindrical. 

These  varieties  would  be  the  most  suitable  for  dehydration  and 


i. 
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high  temperature  storage,  and  it  would  seem  that  varieties  with  high 
solids  but  low  reducing  sugar  content  should  be  sought. 
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Table  1 . Total  solid3,  carotene,  reducing  sugar  and  reducing 
sugar  after  inversion  contents  of  carrot  varieties. 
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Table  3 Moisture  content  and  browning  of 

dehydrated  carrot,  after  two  years 
storage  at  37  C 


SAMPLE 

(VARIETY) 

ILO 

REDUCING  SUGARS 
(%  SOLIDS) 

TOTAL  SUGARS 
(<fo  SOLIDS) 

BROWNING 

(A420-600) 

1 

(A) 

2.32 

19.9 

61 .7 

0.207 

3 

(H) 

1.82 

16.0 

48.8 

0.074 

4 

(K) 

1.67 

25.4 

56.2 

0.216 

5 

(G) 

1.83 

11.9 

49.1 

0.091 

6 

(J) 

1 .62 

10.1 

55.0 

0.099 

9 

(P) 

1.88 

14.1 

52.4 

0.123 

11 

(L) 

2.25 

12.7 

57.5 

0.197 

12 

(E) 

■ 1.89 

15.0 

55.7 

0.127 

13 

(D) 

1.61 

10.3 

54.7 

0.087 

20 

(J) 

1.81 

10.1 

55.0 

0.075 

21 

(H) 

1.55 

16.0 

48.8 

0.088 

23 

(A) 

1 .61 

19.9 

• 

61 .7 

0.133 
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Table 

4 

Correlation  of  browning  with  water  and 
sugar  contents  of  dehydrated  carrot 

vM2.3 

= 

O.717* 

vM3.2 

= 

0.775** 

,''l4.32 

= 

0.498NS 

vrl.2 

= 

0.565NS 

X1 

= 0.12  - 0.092 

J 1.3 

= 

0.662** 

X1 

= 0.0073  x,  + 0.015 
5 

KN 

C\J 

• 

= 

0.853*** 

xi 

= 0.114  ^ + 0.0071  X^  - 0.189 

J 1.234 

= 

0.892*** 

xi 

= 0.092  x0  + 0.0059  x,  + 0.0036  X. 
234 

- 0.327 


1 Browning 

2 °/o  Moisture  dehydrated  product 

3 Reducing  Sugars  an  $ of  Solids 

4 Total  sugars  after  inversion  as  c/o  of  solids 

NS  not  significant  P = 0.05 

* significant  at  P = 0.005 

**  significant  at  P = 0.01 


***■ 


significant  at 


P = 0.001 
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